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Establishes predominant construction characteristics of Irish dwellings.
Establishes likely U-values of predominant /prevalent composite constructions.
Establishes U-values for use to make EPC datasets more representative.
Presents improved data to narrow the thermal energy performance gap.
Makes U-value calculation for predominant constructions transparent and accessible.

Abstract
Energy Performance Certificates (EPCs) are the foremost source of information on the energy
stock. Inherent in all EPC methodologies are trade-offs between
reproducibility, accuracy, assessor expertise and costs. During an assessment, where accurate building
data acquisition would be excessively invasive or costly, nationally specified default values are used.
Default values are necessarily pessimistic to; avoid a better-than-merited rating, enable homeowners
to know the advantage of energetic refurbishment, encourage homeowners to record upgrades
informing EPCs, and propel assessors to seek-out information to provide an accurate rating.
This work reviews default Umethodology, finding 1 in 3 entries in the Irish EPC dataset to be characterised on default U-values in
2020, leading to the dataset presenting an overly pessimistic view of the stock, thus lacking validity.
To mitigate the thermal energy performance gap between theoretical rated energy consumption and
actual or likely energy consumption arising from the selection of unrealistic default values for
parameters; this work reviews the literature to identify and catalogue predominant/prevalent
construction characteristics over time and calculates associated U-values that can be substituted for
unrealistic defaults, thereby making the EPC dataset more representative and resultant national
building energy stock models more robust .
A total of 38 wall (8 predominant) and 4 predominant roof types were characterised finding differences
between default and realistic U-values to be as high as 187%. A generalisable find-and-replace
methodology for the Irish EPC database is also proposed.

Keywords
Default effect, Building Energy Rating, Energy Performance Certification, U-value calculations, Default
U-value, Energy Performance Gap, Irish Housing, Building Stock Modelling, Prebound Effect.

Abbreviations

MS

Member states of the European Union

EPC

Energy Performance Certificate

EPBD

Energy Performance Building Directive

ESRI

Economic & Social Research Institute

INSHQ

Irish National Survey of Housing Quality

EU-27/28

Total EU member countries as of time of reference publication

DEAP

Dwelling Energy Assessment Procedure (in Ireland)

CIBSE

Chartered Institute of Building Services Engineers

Mtoe

Mega tonnes of oil equivalent

SAP

Standard Assessment Procedure (UK)

SEAI

Sustainable Energy Authority of Ireland

TABULA

Typology Approach for Building Stock Energy Assessment

UFFI

Urea Formaldehyde Foam Insulation

Nomenclature

Aexp

Total exposed building fabric area (m2)

HTB

sum of all the non-repeating thermal bridging heat transfer coefficients
(WmK)

R-value

Thermal resistance of a building element (m2K/W)

R

Sum of the thermal resistances of composite building elements (m2K/W)

Ra

Thermal surface resistance of any air gap within a composite building element
(m2K/W)

Rsi

Internal thermal surface resistance of a building element (m2K/W)

Rse

External thermal surface resistance of a building element (m2K/W)

Rf

Thermal resistance of a solid-ground floor (m2K/W)

U-value

Thermal transmittance coefficient that describes the rate of heat transfer (in
watts) through one square meter of the building element divided by the
difference in temperature across the element structure expressed in W/m2K

Y-value

Thermal transmittance coefficient that describes the sum of all the nonrepeating thermal bridges divided by the total exposed area of the building
envelope (Aexp), expressed as W/m2K
Thermal conductivity is measure of the rate at which heat passes through a
uniform slab of unit thickness of that material or substance, when unit
temperature difference is maintained between its faces (W/mK)

g

Thermal conductivity of the ground (W/mK)
Density (kg/m3)

k

Thermal conductivity (W/mK)

1.0 Introduction
1.1 Policy Context
In the 27 EU member states in 2019 (EU 27), households consumed 26% of end-use energy [1]. The
extent and duration of the dominance of the thermal characteristics of pre-existing houses on energy
use depends on construction rates, floor areas and specifications of new dwellings [2]. Average
replacement rates for existing housing stocks in the European Union (EU) are less than 0.1% [3], so the
existing dwellings will remain in 2050 [4]. In the United Kingdom, for example,
around 75% of dwellings that will exist in 2050 have already been constructed [5]. Achieving lower
energy use and associated greenhouse gas emissions thus requires energy refurbishment of existing
dwellings; together with greater efficiency and harnessing renewable technologies in the generation of
energy supplied to houses [2, 6-11].
The long lifespans of buildings and infrastructures mean there are significant risks of undesirable suboptimal or partial refurbishments
rendering future energy performance
improvements more difficult or expensive [12, 13]. Understanding existing dwellings stocks, before
making energy efficiency interventions, is therefore vital.
Effective policy and decision making starts with an accurate information [14, 15]. Knowledge about
cost-effective energy-saving measures can encourage behaviour that reduces household energy costs
[16, 17]. The Energy Performance of Building Directive (EPBD) [Directive 2002/91/EC] drives policy to
accelerate reduction of energy consumed by European building stocks [18]. The EPBD mandates
comparable Energy Performance Certificates (EPCs) for buildings constructed, sold or leased across the
European Union (EU) [19, 20]. EPCs have become the foremost source of information on energy use in
EU building stocks [21, 22] and are crucial instrument for benchmarking and formulating policy goals
[23]. An EPC is accompanied by an Advisory Report that recommends energy efficiency improvements
feasible from both technical and economical perspectives [24-26]. However, even economically
advantageous recommendations are not always adopted [16, 17, 27]. One barrier is that homeowners
anticipate financial savings smaller than estimated in the Advisory Report [28], undermining the
credibility of the report. To overcome this barrier, the estimated reduction in energy consumption from
a specific energy-saving intervention in a particular dwelling, as given by the EPC, should indicate more
realistically the actual decrease in energy consumption [18, 19, 29].
1.2 Energy Performance Certification
Energy classification of dwellings differs across EU Member States and in the UK [25, 30-32]. In Ireland
[33] and in the UK [34] this classification is based on calculated annual delivered and primary energy
consumptions together with carbon dioxide emissions for standardised occupancy. The procedure
balances energy required for space heating, ventilation, water heating and lighting with energy
generated by building integrated photovoltaic and solar thermal systems.

An EPC, as illustrated in Fig. 1:
Presents a
calculated energy performance rating on a scale of A (which should have
the greatest efficiency) to G [25].
Uses the same A-to-G scale to
Fig. 1 Energy Performance Certification (Building Energy Rating) labels in Ireland [35]

The EPBD [36] requires EU Member States (MSs) to apply a national standardised calculation
methodology
. There is no common methodology or tool prescribed, MSs have thus
devised varying country specific methodologies [37], resulting in 301 different assessment methods and
notable methodological differences across MSs and in the UK [21, 38]. National EPC methodologies
need to have:
Credibility and accuracy, so that, for a given climate, buildings with better ratings use less energy
[24, 25, 39].
Balance applicability to a wide variety of buildings with lack of specificity to each single building
[30].
Clarity that enables users to understand a) the overall result and b) the effect of improvement
choices on the EPC [24, 30].
Reproducibility, so that for a specific building the method used gives the same result
independent of the assessor [25, 30].
Transparency, that ensures energy ratings are consistent [24, 25, 30].
Cost-effectiveness by avoiding labour intensive data acquisition [30], and poorly user-interfaced
or complex simulation programs that require extensive training [40].
1

The UK has 3 different methodologies applying to England and Wales, Scotland, and Northern Ireland

Inherent in all EPC methodologies are trade-offs between reproducibility, accuracy, assessor expertise
and costs [21, 31]. During an EPC assessment, where accurate building data acquisition would be
excessively labour-intensive and/or invasive, national specified default values are used by an assessor
[41]. This level of standardisation of thermal characteristics along with standardised occupancy profiles
allows for a degree of consistency in terms of the EPC ratings for near identical dwellings [36]. Default
values are necessarily pessimistic to [30]:
Avoid a better-than-merited energy rating,
Enable homeowners to know the energy advantage of carrying out upgrading retrofits,
Encourage homeowners to record energy upgrades that inform EPCs, and
Propel assessors to seek-out information to provide an accurate energy rating.
Since input data is often based on worst-case default [24-26, 29, 42-45]: (i) Thermal envelope
characteristics, and (ii) operating conditions for inter alia external temperatures, internal loads, system
efficiencies, prices and occupancy patterns, the results outputted by EPC methodologies can only offer
an estimation of the actual building energy consumption. Indeed, there can be a major performance
gap between the theoretical EPC rated prediction and actual measured [44, 46] energy consumed in
homes when occupied by real people [25, 28, 29].
1.3 The default-effect
Space heating and water heating consumed 79% of energy used in the residential sector in the EU-27 in
2019, accounting for 198.82 million tonnes of oil equivalent (Mtoe) or 2,242.46 TWh [47]. Of the overall
heat lost from dwellings, 80% to 90% is by heat transfer through the building fabric; 8% to 16% is
through air infiltration while 4% to 16% is through thermal bridges [48, 49]. Over an elapsed period,
sufficient for heat transiently stored in the building fabric to be released into the building, a thermal
transmittance coefficient or U-value, expressed in W/m2K, of a building element correlates with the
heat energy consumption of a dwelling.
Where full details on building fabric element are not available from documentary evidence or cannot be
collected cost effectively, a prescribed set of default U-values and a singular standardised thermal
bridging (Y-value) are commonly provided for use [38, 56-58].
While a default U-value characteristic should be based on empirical evidence, in the absence of such
empirical data, base-thermal default U-values, associated with unknown wall composition types, in the
UK [59], Germany [60], France [61], Italy [56], Spain [62-64] and Ireland [65] have been typically
determined by [10, 33]:
Building element type (roof, wall, or floor),
For pre-thermal building regulation dwellings, the date of construction,
For post-thermal building regulation dwellings, prevailing draft, or finalised building codes by
period of construction - allowing a grace period of generally two to three years after a proposed
change in draft or finalised regulations for a dwelling to be completed.
As the date of introduction of thermal regulation differs across MSs, each has a particular set of default
U-values linked to thermal regulation periods.
-values by thermal
regulation & construction period are described by Table 1. Common to most EPC schemes, the Irish EPC

methodology assumes that all pre-thermal building regulation dwellings were constructed without any
insulation and a singular blanket default U-value by building fabric element (wall, roof, floor etc.) is
applied.
Table 1 Base-thermal-default U-values by period of thermal regulation in Ireland [66]
Pre thermal building regulation
1976 (Draft)
Date
1981 (Draft)
Thermal
1991
Building
1997
Regulation
2002/2005***
Introduced
2008

Construction
period*
<1978
1978-1982
1983-1993
1994-1999
2000-2004
2005-2009
2010 onwards

Base-thermal default U-values (W/m2K)
Roof
Wall
Floor
2.3
2.1
1.2
1.1
0.4
0.6
0.6
0.35

0.5

0.25
0.22

0.27

0.45/0.6**
0.37
0.25

* Applicable

age band allows for a grace period of generally two to three years after a proposed change in draft or finalised regulations for a
dwelling to be completed.
**0.45 = ground floor and 0.6 = exposed/semi-exposed floor
*** In the 2005 Building Regulation (Technical
), the maximum allowed U-values remained the same as published in 2002.

1.3.1 Implication of default use on Energy Performance Certification
stock [32, 67] influencing property renovation and purchasing decisions [68] and informing policy [48].
Fig
housing type in 2014 [69]. Fig. 2 shows how the use of thermal default U-values results in significantly
increased rated primary energy consumption and CO2 emissions attributable to dwellings compared
with energy consumption calculated using likely values derived statistically using empirical non-default
derived EPC data [48]. The study [69] concluded that when pessimistic thermal defaults are employed
over likely U-values, primary energy consumption associated with both primary and secondary heating
systems increased by 31% for post-thermal building regulation dwellings and 92% for pre-thermal
building regulation dwellings. Thermal default use was found to increase [69]:
(i)
Total rated primary energy consumption by,
a. 22% in post-thermal building regulation dwellings, and
b. 70% in pre-thermal building regulation dwellings,
(ii)
CO2 emissions by a corresponding,
a. 23% in post thermal building regulation dwellings, and
b. 72% in pre-thermal building regulation dwellings.
As shown in Fig. 1, for less energy-efficient ratings (i.e., D1 to G), the range between each rating is larger
than for ratings A1 to C3. Referring to Fig. 2 the label attributed to pre-regulation dwellings employing
defaults ranges from 3 to 5 ratings lower that if empirical information was used [69]. This is a remarkable
under-rating when it occurs for lower ratings from D1 to G where the range each rating is largest.
As default U-values for post-regulation dwellings are calculated assuming thermal insulation to be
present, the discrepancy in calculated rated primary energy associated with the heating system, at an
average of 31%, while less than that of post-thermal building regulation dwellings is still significant [69].
As in the case of pre-thermal building regulation dwellings there is a corresponding increase in the

energy-rating label when empirical data is used, ranging from 1 to 2 ratings between the C1 and D2
ratings (see Fig.2) [69].
Therefore, use of thermal default U-values will result in a significantly lower-than-merited energy
rating, particularly for pre-thermal building regulation dwellings.
which can be defined as the thermal energy performance gap between theoretical rated energy
consumption and actual or likely energy consumption arising from the selection of unrealistic default
values for parameters.
iscrepancy in total primary energy consumption and associated EPC
rating for selected empirical and default reference dwellings due to unrealistic selected default
values for parameters (as calculated by the Irish EPC methodology)# [69]

# EPC ratings are calculated based on kWh/m2/Yr, the approach unintentionally penalises pre-thermal regulation dwellings
which are significantly smaller in size. These dwellings tend to be less energy intensive compared to post-thermal regulation
dwellings of same rating.

1.3.2 Implication of default use on Energy Performance Certification Databases
Energy analyses of whole dwelling stocks combine a stock model and an energy model [12]. The stock
model describes the stock size, composition and renovation status, whereas the energy model
describes the average energy intensities of the various segments of the stock, and assumed energy
savings obtained when dwellings are renovated [12]. Historically, building stock energy consumption
models were poorly informed by lack of [70-73]:
i) Observed data,
ii) Documented transparency in energy performance model inputs,
iii) Prioritisation of the topic for research, and
iv) Research-informed regulatory policy.
In recent years there has been a surge in the development and use of energy consumption models
depicting dwelling stocks [70, 74]. This has been driven by policies [75] that seek to reduce domestic
energy use to:
a) Lower greenhouse gas emissions,
b) Reduce dependence on imported fuels,
c) Reduce the cost of energy, and
d) Alleviate fuel poverty particularly.
The EPC assessment procedure quantifies the detailed empirical information regarding a national
dwelling stock by presenting statistically significant thermophysical databases. These databases can
be exploited to empirically inform national building stock energy consumption models across Europe
leading to effective and targeted policy interventions.
ffective policy making starts with an accurate picture of the challenge [14] and thus climate policies
aimed to improve energy performance of dwelling stock lack validity if based on arbitrary assumptions
[46]. Accordingly, accurate data is a prerequisite for an overall national building energy consumption
model to produce valid outcomes [25]. Building energy stock models should ideally be:
a) Based on high-quality empirical data [9, 10, 70, 72, 76, 77],
b) Derived from statistically significant sample sizes [78],
c) As contemporaneous as possible [10],
d) A result of transparent and appropriate processes [39, 72, 76, 79].
Extracted from the Irish national EPC dataset [80], a typical frequency distribution for dwelling wall and
roof U-values by construction period shows the thermal characteristics to be bi-modally distributed.
Referring to Fig. 3:
Mode 2 building elements are walls and roofs as constructed with original U-values of 0.6
W/m2K to 2.3W/m2K.
er U-values ranging
between 0.1 W/m2K to 0.59W/m2K.
As more thermal upgrades are completed, more building elements U-values will fall within Mode
2 than Mode 1.
The standard deviation for Mode 2 is greater than that of Mode 1 demonstrating that retrofits
harmonise levels of thermal insulation.

There are statistically anomalous spikes in the data split-across time-periods in both pre and
post-regulation dwellings, in the tail of the Mode 2 empirical U-value distribution for exposed
building elements such as walls and roofs relating to default U-value selection [48, 81]. The
frequency of selection across construction periods, together with default U-value selection
being independent to building element type, implies that building assessors often select default
U-values by construction period rather than calculate actual elemental U-values.
Fig. 3 Illustrative typical frequency distribution of wall and roof U-values [48]

Mode 1 Thermally
upgraded building
element

Default
value
As more thermal
retrofits are
carried out
building elements
U-values migrate
out of Mode 2 into
Mode 1

Mode 1
dwellings
show a
tighter, more
pronounced
distribution
profile due to
thermal
retrofits
achieving a
more
harmonised
level of
thermal
insulation
Mode 2
As-built
building
element

U-value W/m2K (indicative only)
Default use is sometimes necessary to avoid labour intensive data acquisition, pessimistic default
references are thus a feature of EPC datasets. However, excessive thermal default use is a matter of
concern. In 2020, 47% of Irelands housing stock amounting to 942,734 dwellings held an associated EPC,
this research finds more than one third (36%) of EPC entries in Ireland to be characterised on pessimistic
defaults leading to the dataset presenting an unrealistically pessimistic picture of the dwelling stock
[48]. Contrary to the literature [30, 32, 57] which generally asserts that the level of default use in prethermal building regulation dwellings is higher in post thermal building regulation dwellings (as

information and or documentation on the characterisations of these dwellings is more difficult to find),
this research finds 3 in every 10 (30%) of pre-thermal building regulation dwellings with 4 in every 10
(38%) post-thermal building regulation dwellings to be characterised on misrepresentative default Uvalues.
The presence of a systematic discrepancy due to unrealistic selected default values within the EPC
dataset [69] as illustrated in Fig. 3, suggests that despite the best efforts of the national EPC authority
to ensure that assessments are carried out rigorously [82, 83] there is a culture of over-selection
defaults. Reasons for the over-selection of defaults are hypothesised as follows:
a) Market competition wherein the fee awarded for the works covers a simple assessment only,
b) EPCs for existing dwellings prior to thermal refurbishment considered unimportant by the Assessor,
c) EPCs for newer dwellings lacking original information of sale/construction being characterised on
defaults,
d) The Assessor lacking easily accessible information in respect of resistance (R, m2K/W), conductivity
(k, W/mK) and density ( , kg/m3) of various construction materials leading to an inability to carry
out a U-value calculation from first principals,
e) A lack of social responsibility of the Assessor to the veracity of the information submitted to the
EPC database [36, 48],
f) A culture of default-use to avoid audit,
g) Level and quality of training [36, 41].
1.4 Research Objectives
Default U-values, while misrepresentative of the thermal characteristics of the stock, are not erroneous
data entries. Moreover, the removal of EPC entries associated with pessimistic default U-values would
result in the cleaning of over one third of the EPC database, skewing the database to present a more
favourable characterisation of the stock than might be the case [84-86]. Thus, when seeking to use the
EPC database to create a stock model of the housing stock, best representing the stock, it is preferable
to replace pessimistic default U-values with more representative values [87, 88].
thermal energy performance gap between theoretical rated energy
consumption and actual or likely energy consumption arising from the selection of unrealistic default
values for parameters. The objectives
[48] through:
(i)
(ii)
(iii)

Highlighting the implications of default use on the validity of EPCs and on EPC databases.
Establishing U-values more representative of the dwelling stock that can be substituted for
pessimistic default U-values, when developing a dwelling stock model for Ireland.
Making transparent the calculation of likely U-values by construction period, thereby
supporting Assessors with better information supporting more representative EPCs and a
reduction in the energy performance gap.

To realise objective (ii), this research reviews the literature to characterise predominant/prevalent
construction characteristics for Irish dwellings, thereby curating a heretofore unpublished evolution of
dwelling construction characteristics and associated U-values in Ireland over time.

Substitution of the predominant U-values established in this work for unrealistic default parameters will
make the EPC dataset more representative and resultant national building energy stock models more
robust leading to better informed climate policy for the housing stock.
2.0 Context
2.1 Review of default use across Europe
A review of default wall U-value selection relative to country specific thermal regulation periods across
the UK and most populous MSs, accounting for 50% of the EU building stock in 2019 [89], is summarised
in Table 2. Wall construction characteristics are classified in Table 2 as:
I.
II.

U
France, Germany, Ireland, and Spain), and/or
B
France, Germany, Ireland, Italy, Spain, and the UK) - used where primary wall
type known i.e., stone, solid brick, cavity, solid mass concrete, concrete hollow block, timber
frame etc., but detailed wall composition is not known.

To illustrate how, a
, b)
, and c)
default wall U-values might be
selected by the A
EPC methodology DEAP2 is examined:
a) If the assessor cannot identify the wall-type, the assessor selects wall-type unknown
construction period and hence selects a base-thermal-default from Table 1. There are 11
construction periods and thus 11 unknown default U-values.
b) Fig. 4 illustrates how
-values might be calculated or
selected by the Assessor:
i.
When full details on all wall layers are available from documentary evidence, the Irish EPC
methodology requires EPC assessors to calculate and hence enter an actual U-value into
the DEAP software.
ii.
If, however full details are not available,
Assessor
selects a wall-type and construction period and DEAP selects a U-value from Table 33.
There are 110 broadly known default U-values corresponding to 10 number wall types
(Ref: a. to j. in Table 2) over 11 construction periods available for selection by the
Assessor.
iii.
Through the removal of electrical sockets for example, installation of dry-lining is
typically readily identified. If the Assessor identifies dry-lining as present, the Assessor
adjusts the broadly known default U-value selected from Table 3, as shown in Table 4
providing a further 77 default-derived U-values for selection by the Assessor.

2 Dwelling
3

Energy Assessment Procedure
Derived from base-thermal-default U-values by period of thermal regulation in Ireland listed in Table 1

Fig. 4 Selection of

wall U-

[33]

Table 2 O
default wall U-value selection options across
4
selected EU MSs and the UK [34, 56, 61, 64, 65, 90]
Country

Wall Classification: Type/Region

Value (W/m2K)

i) Region
a) H1 (North-eastern Region),
b) H2 (Western Region),
c) H3 (Southern Region)
ii) Fuel Source
x) Electricity
y) Other
a) External wall up to 200 mm thick
b) External wall above 200 mm thick
c) Wooden construction

8

9

27

a) 0.40 to 3.00
b) 0.40 to 2.20
c) 2.00

Ireland [65]

Not specified/ Unknown

11

11

a) 0.27 to 2.10

Spain [64]

a) Before 1981
b) From 1981 to 2007
i) Mediterranean
ii) South central
iii) North central
iv) North coast & mountains

2

5

a) 3.00
b)
i)
ii)
iii)
iv)

a) Limestone and rubble stone (single
material or wall infills)
b) Rammed earth or stabilized earth
concrete
c) Half-timbered (with or without filling)
d) Full timber (logs)
e) Solid brick
f) Solid brick cavity (unfilled)
g) Hollow brick
h) Solid concrete block
i) Hollow concrete block
j) Mass concrete
k) Clinker concrete
l) Honeycomb terracotta brick
m) Aerated concrete (< 2013)
n) Aerated concrete (
)
o) Insulated concrete cavity
p) Timber frame (without added insulation)

Based on
wall
thickness5

Unknown

Germany
[60]

France [61]

5

Default U-values (W/m2K)
No. of
Options
48

France [61]

4

No. of
construction
periods

Broadly
Known

Most populous MSs and the UK representing 50% of the EU building stock
Different set of wall thicknesses prov

136

ax)
ay)
bx)
by)
cx)
cy)

0.23 to 2.50
0.23 to 2.50
0.23 to 2.50
0.23 to 2.50
0.25 to 2.50
0.25 to 2.50

1.80
1.60
1.40
1.40

a) 1.25 to 3.20
b) 1.10 to 1.75
c)
d)
e)
f)
g)
h)
i)
j)
k)
l)
m)
n)
o)
p)

1.35 to 3.00
0.80 to 1.60
1.20 to 3.90
1.20 to 2.00
1.40 to 2.15
1.40 to 2.15
2.05 to 2.90
2.30 to 2.80
1.80 to 2.90
0.40 to 0.47
0.22 to 0.90
0.69 to 0.22
0.45 to 0.90
0.11 to 0.45

Table 2 (cont.) O
across selected EU MSs6 and the UK [34, 56, 61, 64, 65, 90]
Country

Wall Classification: Type/Region

Germany
[60]

Broadly
Known

wall U-value selection options
No. of
construction
periods

Default U-Values (W/m2K)
No. of
Value (W/m2K)
options

a)
b)
c)
d)
e)
f)
g)
h)
i)

Cavity wall without an insulating layer
Cavity wall with an insulating layer
Solid wall up to 200 mm
Solid wall above 200 mm but less than 300 mm
Solid wall over 300 mm
Hollow brick/block wall
Solid wood/frame/panel wall with insulation
Half-timber wall with clay/clay brick infills 250mm
Half-timber wall with stone/solid brick infills 250mm

9

49

a)
b)
c)
d)
e)
f)
g)
h)
i)

0.40 to 1.30
0.40 to 1.00
2.80
1.80
1.50
0.40 to 1.40
0.30 to 0.50
1.50
2.00

Ireland
[65]

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

Stone
225 mm solid brick
325 mm solid brick
300 mm cavity
300 mm filled cavity
Solid mass concrete
Concrete hollow block
Timber frame
425 mm cavity
425 mm filled cavity

11

110

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

0.27 to 2.10
0.27 to 2.10
0.27 to 1.64
0.27 to 2.10
0.27 to 0.60
0.27 to 2.20
0.27 to 2.40
0.27 to 2.50
0.27 to 1.73
0.27 to 0.60

Italy [56]

a)
b)
c)
d)
e)
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
a)
b)
c)
d)
e)
f)
g)
h)

Stone masonry with plaster,
Full width brick masonry with plaster both sides,
Perforated bricks or tofu,
Pre-fabricated concrete panel (uninsulated),
Cavity wall with perforated bricks
Stone
Adobe or mud
Half brick thick
Full brick thick
Concrete block
Volcanic aggregate concrete block
Lattice (8% wood, 80% plaster, and 12% stone)
Solid wall exterior insulation (ventilated facade)
Cavity wall (unventilated)
Cavity wall (lightly ventilated)
Cavity wall (very ventilated)
Stone: granite or whinstone,
Stone: sandstone or limestone,
Solid brick,
Cob,
Cavity,
Timber frame,
System build,
Filled cavity with no or 'Unknown' insulation

Based on 10 wall
thicknesses

397

Based on wall
types

11

12 for England &
Wales, and
Scotland, and 11
for Northern
Ireland

348 for
England &
Wales and
Scotland,
and
319 for
Northern
Ireland

a)
b)
c)
d)
e)
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
a)
b)
c)
d)
e)
f)
g)
h)

2.00 to 2.99
1.04 to 2.59
0.90 to 2.19
2.44 to 3.59
1.10 to 1.20
2.91
1.87
2.38
1.69
2.56
1.69
2.94
2.13
1.69
2.00
3.12
0.28 to 1.70
0.28 to 1.70
0.28 to 2.10
0.28 to 0.80
0.28 to 2.10
0.28 to 2.50
0.28 to 2.00
0.28 to 0.50

Spain
[64]

UK [34]

Most populous MSs and the UK representing 50% of the EU building stock
-1976 dwelling as published in UNI/TS 11552 (2014). For post-1976 dwellings 67 options are available based on construction
periods thickness and climatic zones, ranging from 0.55 W/m2K to 3.59 W/m2K [91] G. Pansa, Analisi dettagliata delle nuove UNI/TS 11300 parte 1 (versione
2014). Ecco cosa cambia rispetto alla precedente versione, (2014).

6
7

Post-thermal building regulations defaults are led by the prevailing
building regulation of the time Cross-reference Table 1 and are
irrespective of wall type

methodology to have been
constructed
without
insulation thus pre-thermal
building
regulation
-default
U-values are presumed
pessimistically to be the
same as that of uninsulated
walls
with
a
given
construction.

Pre-thermal
building
regulation dwellings are

Table 4 Default wall U-values (W/m2K) by wall type, construction period with dry-lining insulation upgrades [33]

* Not typical construction types

Table 3 Broadly known and unknown wall U-values (W/m2K) by wall type and period of construction [33]

Referring to Table 2:
France provides [61]:
o Unknown default U-values categorised by 3 climatic regions (a to c) and hence local
vernacular construction characteristics and 2 fuel sources, electricity
across 8
construction periods ranging from pre-1975 to 2001 onwards. A total of 48 [3 * 2 * 8]
default U-values ranging from 0.4W/m2K to 2.5W/m2K, and
o 136 broadly known base thermal U-values for 15 wall types of various thicknesses8
ranging from 0.11W/m2K to 3.2W/m2K.
A total of 184 [136 + 48] thermal defaults ranging from 0.11W/m2K to 3.2W/m2K are thus
available for selection by the Assessor [61].
Germany provides details for:
o Unknown wall types based on a) wall thickness less than, or b) greater than 200mm, and
c) timber construction categorised by 9 construction periods ranging from pre-1918 to
2002 onwards resulting in 27 unknown default U-values ranging from 0.4W/m2K to 3
W/m2K, and
o Broadly known wall types, based on 9 wall types (a to i) and 9 construction periods
resulting in 499 broadly known defaults U-values ranging from 0.3W/m2K to 1.3W/m2K.
A total of 76 defaults [49+27] ranging from 0.3W/m2K to 3W/m2Kare thus available for selection
by the Assessor [60].
Ireland provides 10 broadly known, and 1 unknown wall type over 11 construction periods, (a to
j) ranging from pre-1900 to 2010 onwards, resulting in:
o 11 unknown default U-values associated with 11 construction periods.
o 110 broadly (11*10) known base-thermal default U-values (see Table 3). There are
o A further 77 broadly known default U-values available based on a dry-lined unknown wall
type when the insulation depth is known or can be observed on site (see Table 4).
A total of 198 [(110+77) +11] thermal defaults ranging from 0.27W/m2K to 2.4W/m2K are thus
available for selection by the Assessor [65].
Italy provides [56]:
o No unknown default U-values only allowing the application of a broadly known default
to dwellings constructed prior to 1976. Pre-1976 wall types are classified according to 5
wall types (a to e) resulting in 5 broadly known default U-values ranging from 0.9W/m2K
to 3.59W/m2K with different U-values based on 10 types of observed wall thickness
(150mm to 600mm).
A total of 39 [(10*5) - 1110] thermal defaults ranging from 0.9W/m2K to 3.59W/m2K are thus
available for selection by the Assessor for dwellings constructed prior to 1976 [92]. For
assessment of post 1976 dwelling measured wall thickness, location (climatic zone; a to f)11 and
construction period are required to select default wall U-values based on 23 pre-defined wall
types are provided, ranging from 0.55 W/m2K to 3.59W/m2K 67 options are provided [91].
Spain provides [64]:
Instead of construction periods, France uses arrange of wall thickness associated with thermal defaults.
The expected total would be 81, however as some construction scenarios are highly unlikely such as cavity wall with added insulation built before 1948,
some categories are left blank with no value provided.
10 Default U-values are not provided for each wall thickness, e.g., there are no defaults available for cavity walls with thicknesses 150mm, 200mm, 550mm,
600 mm.
11 To characterize the energy needs of buildings, the Italian territory is divided into 6 climatic zones corresponding to specific bands of Degree-days values.
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o A blanket default U-values for unknown wall-types constructed prior to 1981, 4 unknown
default U-values for dwellings constructed between 1981 to 2007, classified by climatic
region (i to iv) and hence local vernacular construction characteristics resulting in 5
unknown default U-values ranging from 1.4W/m2K to 3W/m2K [64].
o 11 broadly known defaults by wall type (a to k) ranging from 1.4W/m2K to 3.12W/m2K.
A total of 16 [11 +5] thermal defaults ranging from 1.40W/m 2K to 3.12W/m2K are thus available
for selection by the Assessor [56].
The UK provides [34]:
o No unknown default U-values requiring the assessor to identify wall types,
o Specific broadly known defaults for wall types by country and differing construction
periods as follows:
i.
Northern Ireland has 11 construction periods, 8 as-built wall types and 4 internal
or external insulation thicknesses (50mm, 100mm, 150mm, and 200mm) for each
wall type with associated default U-values ranging from 0.12W/m2K to 2.5W/m2K,
resulting in 319 defaults available to the Assessors for selection,
ii.
England & Wales and Scotland have 12 construction periods, 8 as-built wall types
and 4 internal or external insulation thicknesses (50mm, 100mm, 150mm, and
200mm) for each wall type with associated default U-values ranging from
0.12W/m2K to 2.5W/m2K for England & Wales, and 0.1W/m2K to 2.5W/m2K for
Scotland resulting in 348 defaults available to the Assessors for selection.
It is evident from Table 2 that the number of options for default selection across EU MSs and in the UK
vary significantly and there is no common
The UK EPC
12
methodology, at 348 [93], offers the most default options, followed by Ireland with 198 [65]. It is
assumed that the more default options available for selection, the better able an Assessor is to
represent the heterogeneity of the stock. At 16 Spain provides the least default values, limiting the
ability of the Spanish EPC methodology to represent fully the heterogeneity of the stock. Countries,
when reviewing EPC methodologies, are beginning to pay attention to the default effect; France
recently updated and increased the number of defaults available, while the UK13 did, but now do not,
provide
unknown defaults necessitating the Assessor to identify the wall
type for default use, leading to more representative data within EPC databases. Along with variation in
default approaches it is noted that the range of U-values by wall type also varies across MSs. For
instance, an insulated cavity wall located in Germany has associated default U-values ranging from
0.4W/m2K to 1.3W/m2K [60] whereas the same wall classification located in Ireland has associated Uvalues ranging from 0.27W/m2K to 2.1W/m2K[65].
2.1 Default selection in Ireland
Analysis of the 942,734 dwellings in the Irish EPC database in 2020 representing 50% of the Irish
dwelling stock finds that approximately 1 in 3 dwellings are characterised by defaults. Despite Ireland
having a relatively high number of thermal default U-values available for selection by the Assessor, one
12
13

The number of options available for England & Wales, and Scotland.
Until 2005, maximum allowed U-values of prevalent thermal regulation were used for unknown construction type (SAP, 2001)

in every six (16%), EPC entries are characterised on 11 number
3.

default U-values listed in Table

Fig.5 examines the distribution of unknown defaults by construction period, surprisingly 39% are
attributed to pre-thermal building regulation dwellings while 61% are attributed to post-thermal
building regulation dwellings. This phenomenon is attributed to, (i) new dwellings going under sale
more frequently [81] wherein the original documentation is unavailable, leading to the Assessor
selecting defaults on an assessment that was previously certified on more accurate data along with, (ii)
a higher prevalence of post than pre thermal building regulation dwelling in the database.
Fig. 5

by construction period [84].
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3.0 Methodology establishing predominant construction characteristics and associated Uvalues in Ireland.
The methodology is based on following steps as illustrated in Figure 6:
o An exhaustive review of available literature to document evolution of construction type and
material uses in Irish dwellings over time to establish predominant construction characteristics
of building fabric elements in Ireland and its associated U-values.
o Comparison of calculated U-values with
n
prove the
hypothesis that default values are misrepresentative of the prevailing thermophysical state of
housing stock.
o Development of
find
-values in the
EPC database for
.

Fig. 6 Research methodology.

Step 1
Step 2
Step 3

Step 4
Step 5

Literature review to establish construction characteristics in Ireland over time

Calculation of U-values of associated with compositions established in Step 1 made
transparent
Predominant construction for each construction period was established through
the literature

Discrepancy between predominant U-value and default U-values documented

'Find and replace' method developed to address 'unknown' and 'broadly known'
default U-values using predominant U-values established in Step 3

4.0 Results
4.1 Wall characteristics
A government-sponsored review of the Irish dwelling stock was carried out by the Economic and Social
Research Institute (ESRI) in 2001[94]. The INSHQ gathered detailed information on dwelling characteristics from a sample of over
40,000 households, conducted in spring 2001 [94]. Figure 7 compares distribution of wall types by
construction period as derived from the EPC database in 2020 with the results of INSHQ in 2001-2002
corrected to align construction periods [84, 94]. The EPC database in 2020 correlates with the INSHQ
data for pre-thermal building regulation dwellings but not for post-thermal building regulation
dwellings.
Pre thermal building regulation dwellings are considered by the Irish EPC methodology to have been
constructed originally [33]: (a) With no insulation, and (b) With single-leaf wall construction and are
ascribed an associated base-default U-value of 2.1W/m2K as shown in Tables 1 and 3. Contradicting this,
and as shown in Fig. 7, both datasets report pre-regulation dwellings to have significant proportion of
cavity walls with the presence of cavity wall insulation increasing over time; suggesting that the
assertion in the Irish EPC methodology, realised through the application of a blanket uninsulated
default U-values, that pre-thermal building regulation dwellings were constructed originally, without
insulation, is incorrect or that homeowners:
i) Constructed to better than regulation required at that time, or
ii) Have carried out energy upgrades.

Relatively high levels of insulation are noted particularly in pre-thermal building regulation dwelling
walls constructed between 1967 and 1977. Due to being the largest, relative to other pre-thermal
building regulation dwellings, but with low levels of insulation, these dwellings are considered to be the
worst thermally performing dwelling [95]. This may have provided greater motivation to the
homeowner to carry out thermal upgrades.
Comparison of pre-thermal building regulation dwellings in the 2020 EPC dataset with the 2001-2002
INSHQ dataset implies low thermal refurbishment rates of circa 1% per year between 2001/2002 and
2020. This is at odds with a statistical analysis using the EPC database cleaned of defaults, that was
carried out on the Irish Housing stock in 2014 [96] that found 46% (circa 3.8% per year between 2001
and 2014) of pre-thermal building regulation walls had been significantly refurbished. This anomaly is
attributed to an overuse of defaults skewing analysis of the EPC database.
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As stated and shown in Fig. 7. the EPC and INSHQ databases do not correlate for post-thermal building
regulation dwellings. This is because the EPC database in 2020 reports staggeringly high percentages,
ranging from 58 to 63% of uninsulated (including 12% to 14% single leaf) and 37% to 41% insulated walls,
whose descriptions do not correlate, as uninsulated walls cannot comply with insulated U-values
mandated under thermal building regulations prevailing. To understand how such high levels of
erroneous wall description data is being inputted into the database by the Assessor recourse to the Irish
EPC software interface was made, finding that the input process:
First requires the Assessor to select a construction period,
The software hence assumes an associated default U-value,
The Assessor subsequently selects an associated wall type.
As it does not matter, to the EPC calculation, what wall-type is chosen and as the default U-value is the
same for all walls by construction period (Ref: Table 3), it is evident that the Assessor attributes little
importance to the actual wall description leading to a high level of erroneous wall descriptions in the
EPC database, a phenomenon also
. It is thus recommended that: (i) The
availability of unknown defaults to the Assessor be taken under review as per the UK methodology and
(ii) The importance of accurate data and the resultant information pertaining to the stock be
emphasised to Assessors during training.
As descriptions of wall-types within the EPC database lack validity, a review of available literature [97103] was used to establish predominant wall types by construction period in Ireland as summarised in
Table 5, followed by calculation of associated U-values, presented in Table 6. Detailed U-value
calculations associated with Table 6 are provided in the supplementary data with this paper. Table 5
highlights pre and post thermal building regulation periods as well as
period from 1994
to 2007 in Ireland wherein there was a culture of poor quality of construction and documentation as
well as a lax adherence to regulations [104], moreover the housing boom period saw rapid construction
along with the introduction on non-traditional wall types such as: i) Pre-fabricated timber panels, ii)
Structural/ non-structural insulated wall panels, iii) Rendered external insulation system bonded with
structure, and iv) Pre-insulated blocks [105] that allowed:
Faster construction times realised through reduced labour requirement and off-site
prefabrication,
Higher levels of airtightness,
Higher thermal performances, and
Reduced labour costs.
These dwellings are more recent addition to the as-built stock, however due to poor construction quality
they are likely to require renovation in the near future.
Table 5 details the evolution of wall types by construction period in Ireland highlighting enactment of
milestone regulations as well as the predominant wall type by construction period.

With reference to Table 5:
Stone and Brick Walls, pre 1900 to 1930:
o In 18th century rural Ireland, brick was too expensive for general use, its use being
limited to high status buildings such as castles and mansion houses [113, 114].
Pre-1900 rural dwelling walls were therefore built typically of locally procured
lime and sandstone [106, 113, 114]. Stone type depends upon local availability,
referring to Fig. 8 sandstone is limited to south of the island with limestone
predominant [113-115].
o Pre-1900 walls were normally rendered internally and externally with lime-based
plasters but a stone finish was not uncommon [116, 117].
o Stone walls were designed traditionally using empirical slenderness ratios
handed down the generations [118]. A pre-1900 stone cottage of typical wall
height 4.5m was constructed with a corresponding wall thickness ranging
between 450mm and 500mm [118].
o Stone buildings were still popular in rural Ireland up to the 1930 s however a more
slender wall depth ranging from 300mm to 400mm became usual [119].
o Creation of the free Irish state in 1922 marked the departure from the use of
British construction standards in Ireland [106].
o Urban dwellings are typically of either handmade (cottage industry) or machine
made bricks [113]. Machine made brick are typically 225mm thick while
handmade brick varies in size [120]. In early 20th century mass production and
cheap water transportation by using lighter boats made the brick preferable
choice of material for both urban and one-off rural housing [121].
o Limestone walls are predominant for pre-1900 dwellings and 225mm solid brick
walls for dwellings constructed between 1900 and 1929.
Unfilled Cavity Walls, 1920 to 1993:
o The existence of cavity walls can be traced back to 1800s [102], becoming
common after 1920 [122] and predominant by 1978 [123].
o Composition of cavity walls vary with time correlating with available
construction materials typical of the period [97]; solid brick was popular between
1930 to 1977, concrete blocks from 1950 to 1977, while a combination of solid
brick and concrete block prevalent between 1950 to 1993 [102]. Light aggregate
blocks with better efficiency were used between 1978 to 1993 [124].
o 300mm unfilled cavity wall only became predominant between 1983 and 1999
after a decrease in popularity of concrete hollow block walls due to higher
thermal requirement prescribed in the thermal building regulations and water
ingress issues [99].
Solid Concrete Block and Mass Concrete, 1930 to 1949:
o Prior to 1930 concrete was being used at a very small scale by hand mixing and
casting it in timber formwork. Circa 1933, with introduction of the Cement Act
[103] and

commenced at scale [103] and by 1938 it became the predominant indigenously
produced building material, standardised with the publication of the first Irish
standard for concrete blocks published in 1949 [99]. From 1918 to 1950, mass
concrete [123] and handmade concrete blocks were used in solid wall
construction [125]. In the 1940s Mass Concrete wall were predominant
construction type on western coast gaining popularity due to quick erection and
use of locally produced material where possible [126].
Hollow Concrete Block, 1950 to 1977 (Uninsulated), 1977 to present (Insulated/dry-lined):
o Shortly, after introduction of the Irish standard for the concrete blocks in 1949,
the government approved the use of common twin corded hollow block used
extensively in single leaf state constructed dwellings [99]. In the 1960s its use
gained momentum with introduction of hollow block-making machine and by
s during this period were built
using this type of construction. Its use sustained momentum till the late 1970s
until the introduction of insulation was mandated by the first thermal building
regulations [99]. The use of dry-lined hollow block features strongly in dwellings
constructed between 1970 to 2010 [115, 123, 127, 128]. The first standard for
hollow cement blocks was published in 1953.
o From 1950 to 1982, concrete hollow block walls remained the predominant wall
type. Its predominance covers 3 DEAP construction periods, 1950 to 1966 and
1967 to 1977 for uninsulated concrete hollow block walls and 1978 to1982 for drylined concrete hollow block walls.
Insulated/ filled Cavity Wall, 1978 to present:
o The 1979 oil crisis is attributed to making people more aware of the benefits of
insulation as well spurring the introduction of an insulation requirement in the
first introduced with an air gap and over time insulation was introduced to the
cavity layer [111]. Concrete block production in Ireland peaked in the 1970s with
the production of approximately 220 million (440mm x 215mm x 100mm) blocks
per year [103], resulting in high instances of it use in cavity wall construction. Over
time, cavity width and insulation material changed [112]; pre 1920s and up and
until the 1930s cavity width is reported [106] to be 40mm, growing to 50mm in
the 1940s and 70mm by 1980s. From 1970s onwards insulation board inserted in
cavity was placed in cavity walls[105], followed by Urea Formaldehyde Foam
Insulation (UFFI) up and until the 1980s [111]. However, UFFI lost popularity due
to off-gassing of the formaldehyde, which was identified as a potentially
carcinogenic gas, in 1980s leading to the material being banned in several
countries [129]. In 1990s, multiple insulation materials were available, i.e.,
Insulation beads, glass fibre, mineral wool etc. Until 1997 the thermal
conductivity of any material available in the market met the requirements set in
the prevailing thermal regulation, however, it became stricter in 2002 with
requirement of highly efficient insulation material to meet regulation [130, 131].

The 1991 Irish building regulations [97, 130] recommended a 100mm cavity with
50mm insulation while in 2007, cavity wall with 150mm cavity width emerged
[132]. The 2021 Irish building regulations suggest 100mm high performance
insulation (U-value of 0.023W/m2K) inside 140mm cavity width to exceed the
current U-value standard of 0.21W/m2K by 0.01W/m2K.
o The use of insulation in cavity wall became prevalent only after introduction of
full building regulations in 1991, enforcing the use of insulation to comply with
the set standards [133].
Timber frame wall, 1994 to present:
o In 2019, the CSO reported 27% of Irish new houses were built using timber frame
construction [134, 135]. In the EPC database a similar trend is observed, between
1992 to 2008 the share of timber frames dwelling in the database rose from 5%
to 20% [136]. As timber frame walls are prefabricated off-site. It is generally
assumed that the thermal properties of timber frame walls comply with the
prevailing building regulation.
Figure 8 Geological Map of Ireland [137]

4.1.1 U-values associated with predominant wall types
Table 6 establishes 38 wall types along with associated U-values likely to be found in Irish
dwellings. Associated U-values were calculated using the method described by ISO 6946:2017
[138] while the thermal properties of building materials are sourced from CIBSE Guide A, section
3 [139], ISO 10456:2007 [140], and a study of the thermal conductivity of Irish stone [141].
Predominant wall types by construction period are highlighted in Table 6. For pre-thermal
construction periods there are clear predominant wall types, e.g., limestone is the predominant
stone available in the Ireland and due to the expense of brick, pre-1900 dwellings were
predominantly constructed using widely available limestone. Conversely, in the case of filled,
unfilled cavity and hollow block walls, there are overlaps between construction periods making
it more difficult to select a singular predominant wall type by construction period. e.g., a cavity
wall constructed between 1994 and 1999 could be found in several construction forms, i.e., brick
& brick, brick & concrete block, concrete block & aerated block etc., while insulation could be
XPS (extruded polystyrene insulation), EPS (Expanded Polystyrene insulation) or Insulation
batts. It is not possible to reliably quantify the proportion of each insulated cavity sub-wall types
by construction period therefore to establish a singular representative U-value by construction
period the mean (as opposed to weighted average) of cavity wall sub-types prevailing by
construction period was calculated. While the difference in U-values by sub wall type was small
(ranging from 0.01W/m2K to 0.31W/m2K) this is an acknowledged limitation of the work.

Table 6 Evolution of dwelling walls composition by construction period and associated calculated and default U-values [97, 98,
100, 106-112, 123], identified predominant wall types are highlighted

To highlight the

-values, confirming a difference between likely and
unknown default values ranging from a minimum of 0% for a pre-fabricated timber wall to a
maximum of 187% for a dry-lined hollow concrete block wall.
In the case of stone walls, the likely U-value is significantly higher than the unknown default Uvalue while the likely U-value for cavity walls is significantly lower that the prescribed default Uvalues. Of a total number of 38 calculated U-values, 33% are higher than, 54% are lower while
13% are approximately equal to default U-values. The review suggests that of the default Uvalue for cavity walls, constituting 54% of walls, has been exceedingly over-estimated.
The substantial difference between default U-values and actual thermal performance of solid
walls have been reported in several research [87, 142, 143]. Li et al. [87] found that in-situ
measurement of pre-1976 solid walls to have a mean U-value 62% better than the default values,
using the actual values in sensitivity analysis resulted one third solid wall dwelling to move one
EPC band. Similar finding is also reported by in Italy, where measured U-values are found to be
better than default values in historical buildings, difference in performance is noted due to
changes in material property of bricks manufactured in different periods, influence of plasters
and proportion of mortar in brickwork [144].
For verification purposes, Table 6 presents values extracted from a 2014 study [97] of the Irish
dwelling stock that are statistically derived likely U-values in Ireland, based on the EPC database
cleaned of default values. The results broadly correlate with post-thermal building regulation
walls. However, pre-thermal walls have large deviations with differences attributed to the
statistical review being independent of wall categorisation. This is most evident in stone walls
where the statistical review calculated the average U-values of stone and brick walls in the same
period whereas this review calculates U-values by wall characteristics versus construction period
and is hence more representative.
4.1.2 Find and Replace for default wall U-values in the Irish EPC database
Table 7 (a) presents the difference between predominant and unknown default U-values
ranging from 0% in the case of timber wall constructions to 125% in the case of 300mm cavity
(Uninsulated), the big difference is due to pre-assumption that every post-thermal building
regulation dwelling constructed in compliance with the prevailing thermal building regulation of
that period. However, the use of insulation in cavity did not become prevalent
Regulation, 1991
, enforcing the thermal compliance by making the consultants
responsible for compliance [145]. The same has been illustrated in Table 3, e.g., a 300 mm cavity
(Uninsulated) and a concrete hollow block wall constructed between 1983-1993 could be
assigned 0.60 W/m2K, irrespective of wall types. Referring to Table 7 (a) the methodology for
by construction period with predominant U-values is as follows:
o If unknown default by construction period, as listed in Column 4 of Table 7(a), is
identified in the database, then replace with U-value in Column 4 with the U-value
from Column 3 also substituting
label with predominant wall description
in Column 2.
and wall is constructed between 1900

and 1929 and has an associated U-value of 2.1W/m2K than replace U-value with a Uvalue of 1.75W/m2K and relabel unknown wall descripti
Table 7 (b) presents the difference between predominant and broadly known default values
ranging from 0% for timber frame to 193% for concrete hollow block. Referring to Table 7 (b)
the methodology for finding and replace the 110 number of broadly known defaults,
constituting 33% of the database, by construction period is as follows:
o If broadly known wall type listed in Column 1 corresponds to the construction period
and default presented in Columns 2 to 12, then replace the default U-value in with
more predominant U-value by construction period from Columns 2 to 12 14. E.g., if
wall description is stone and if the dwelling belongs to pre-1900 and associated
default U-value of 2.10W/m2K, then replace the U-value of 2.10W/m2K with U-value
of 2.69 W/m2K.

14 Note that in the case of stone wall it will be possible to identify stone type by location of dwelling (refer fig 8). However, in Ireland the
predominant stone type is limestone but due to significant difference in U-values of both stones, U-values for both wall types have been provided
o location these values could be assigned appropriately to minimize the uncertainty due to
unrepresentative U-value.
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4.2 Roof Characteristics
[65] in the Irish EPC methodology as per Table 8. The same procedure outlined in Fig. 2 and
as described for walls applies to the selection of default roof U-values indicated in Table 8.
Table 8 Default U-values by roof type, period of construction with insulation upgrades
[65].
Insulation thickness
Unknown
Construction
period

Pre 1900
1900-1929
1930-1949
1950-1966
1967-1977
1978-1982
1983-1993
1994-1999
2000-2004
2005-2009

2.30
2.30
2.30
2.30
2.30
0.49
0.49
0.40
0.36
0.25

None

2.30

12 mm

25 mm

50 mm

75 mm

1.50

1.10

0.68

0.50

100 mm

0.40

150 mm

0.26

200 mm

0.20

250 mm

0.16

>=300 mm

0.13

Pre-thermal building regulations dwellings are assumed in the Irish EPC
methodology to have been constructed without insulation thus pre-thermal
building
-default U-values are presumed
pessimistically to be the same as that of uninsulated roofs.

A total of 61% of roofs in EPC database were characterised on pessimistic default values (14%
unknown and 86% broadly known) in 2020. Consistent to wall analysis, 51% of default Uvalues are associated with pre-thermal building regulation dwellings and 66% with postthermal building regulation dwellings [84]. Fig. 9
type within the EPC database, approximately 70% of all unknown defaults U-values relate to
post-thermal building regulation dwellings. Unlike wall insulation, roof insulation can
-values
confirms an over-reliance on default U-values by Assessors. This assertion is supported by
research carried out in the UK in 2018 wherein inconsistency in roof insulation measurement
in multiple assessment of same property was found [146].

Fig. 9
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Analysis of EPC database suggests that at 85% of roofs are insulated at ceiling level (cold
roof) and are thus the predominant roof type in Ireland, followed by flat roof, roof insulated
at rafter level, and Room-in-Roof Insulation each at 5% [84]. Similar to walls, pre-thermal
building regulation roofs are considered by the Irish EPC methodology [33] to have been
constructed originally with no insulation and an associated unknown default U-value of
2.30W/m2K (see Table 8). 14% of pre-thermal building regulation dwellings in the Irish EPC
database are characterised on the uninsulated default U-value of 2.30W/m2 while 21% of
dwellings in EPC database constructed before 1949 are considered to have no roof insulation
[84].The database suggests that approximately 40% pre-thermal building regulation
dwellings have roof insulation less than or equal to 50mm at 0.68W/m2K and only 50% have
greater than or equal to 100mm insulation at 0.40W/m2K. This is odds with research [94] that
found that 82% of roofs were insulated to a mean U-value of 1.30W/m2K in 2001-2002 and
67% of roofs to be well insulated to a mean U-value of 0.37W/m2K in 2014, notably with a
high percentage of insulation present in pre-thermal building regulation dwellings [94, 147].
The high prevalence of roof insulation in 2001-2002 is attributed to the greater ease and
lower cost associated compared with retrofitting wall insulation [94] as well as a successful
state-funded attic-insulation incentive scheme of the 1980s [148]. Thus, as is the case for
walls, the default assertion that pre-thermal building regulation dwellings have no roof
insulation is incorrect.
To establish the predominant characteristics of roofs, recourse to the literature was made.
Unlike walls, there is a dearth of literature detailing roof characteristics or Irish dwellings,

available literature almost wholly focuses on walls. There are two studies that characterise
roof characteristics in Ireland, the:
i) Aforementioned study by Ahern [96], that calculated based on the EPC database
cleaned of defaults, statistically likely U-values prevailing in Ireland in 2014, and
ii) Typology Approach for Building Stock Energy Assessment (TABULA) project carried
by European Intelligent Energy Europe (IEE) [149]. TABULA generated roof
compositions based on the INSHQ survey, along with EPC database (115,ooo entries)
2010, and 2006 Census data [149], assuming arbitrarily-estimated pessimistic
thermal upgrade levels based on construction trends, e.g. it was assumed that a
dwelling built in 1940s would have received a thermal upgrade of approximately
50mm insulation by 1970s [150].
4.2.1 Predominant roof constructions and associated U-values in Ireland
The comparison of construction details of roofs provided in TABULA report suggests that it
Table 9
documents U-values based on the TABULA classification as well as U-values calculated by
Ahern (2019) [96] for as-built dwellings as insufficient data is available to document the
evolution.
U-values for roofs derived from Ahern (2019) and TABULA, both indicating the inclusion of
building regulation dwellings. For roofs, the predominant U-values
presented in Column 7 of Table 9 closely approximate broadly known default U-values and
action is proposed for broadly known roof default U-values. In
the case of unknown default roof U-values it is proposed to find and replace with more
representative predominant roof U-value as listed in column 7 of Table 9.

Table 9 Predominant roof construction details for Irish dwelling roofs by period of
construction [119, 151]
Construction
Period

1
Before 1900
1900-1929
1930-1949
1950-1966
1967-1977
1978-1982

1983-1993

1994-1999

2000-2004

Construction details Typical roof
construction [139]

2
50mm of mineral
wool between
ceiling joists, roof
space, tiling.

100 mm of mineral
wool between
ceiling joists, roof
space, tiling.
100 mm of mineral
wool insulation
between joints and
50 mm of mineral
wool quilt over
joists, roof space,
tiling.

100 mm of mineral
wool insulation
between joints and
2005 - onwards 100 mm of mineral
wool quilt over
joists, roof space,
tiling.

3

Predominant Supplementary
Default U-value (W/m 2 K) Statistically
derived likely U-value
data ref.
U-value [97] (W/m2 K)
(W/m 2 K)
4

5

6

7

8

0.71

A8

0.43

A9

0.28

A10

0.21

A11

1.11
0.98
2.3

0.68

0.92
0.85
0.74
0.55

0.49

0.4
0.74

0.4

0.69
0.26

0.36

0.25

0.75

0.21

0.61

The condition for find and replace function for default wall U-Values is as follows:
o Unknown ; If unknown roof default U-value is identified in the EPC database,
then replace default U-value with predominant U-value from Column 7 of
Table 9 by construction period and replace unknown roof type label with
predominant roof description listed in Column 1, acknowledging the existence
of insulation in pre-thermal building regulation dwellings.
o Broadly known ; No Action required, as the default U-values
in column 5 approximate predominant U-values of typical roof
construction in column 7 of table 9.
4.3 Floor Characteristics
As, an uninsulated floor accounts for 15% of heat loss [152], compared to wall at 35% and
roofs at 25% [153], floors have traditionally been given least importance in improving thermal
performance of buildings. The EPC database and TABULA are the only resources detailing
typical composite floor constructions. Analysis of U-values provided in TABULA reveal that
characterisations are derived from the Irish EPC methodology defaults and so the report
does not add to this characterisation. The default U-values adopted in the Irish EPC
[154]. The Irish EPC methodology assumes prethermal building regulation floors to be constructed without insulation and due to a
perception of being highly expensive to upgrade flooring along with an absence of state

support, it assumed it highly unlikely that pre-thermal building regulation dwellings been
thermally upgraded [150].
As heat-loss from floor is influenced by P/A (Exposed Perimeter/ Floor Area) ratio and
thickness of insulation. Therefore, to make the floor U-value to be more representative, the
Irish EPC methodology requires Assessors to adjust U-value of observed floors type based on
P/A ratio. There are 6 types of floors in the Irish EPC methodology:
i) Ground floor - solid
ii) Ground floor - suspended
iii) Ground floor - above unheated basement
iv) Basement unheated
v) Partially heated below, and
vi) Exposed / semi-exposed
For floor types, default U-values are provided for 11 construction periods and 10 P/A ratios15
(from 0.10 to 1.00 or more), resulting in a total of 452 default U-values available to Assessors.
The U-value ranges from 0.14Wm2K for a 2010 onwards solid ground floor with a P/A ratio of
0.10Wm2K to 1.29Wm2K for a pre-1900 ground floor above unheated basement with a P/A
ratio of 1.00 or more. These default U-values provides different level of heat-loss across
dwelling typologies, resulting in apartments being associated with the lowest U-values and
detached dwellings the highest [65]. Based on inputted data by Assessors and construction
period the DEAP software automatically assigns a default Uloss floor. Analysis of the EPC database suggest that nearly all entries are based on the
default U-values.
U-values in the Irish EPC methodology are calculated according to I.S. EN ISO 13370 that
g 2.0
W/mK. This value appears to have been adopted as the standard in the Irish EPC
methodology [33], however as shown in Figure 8, the predominant soil type in Ireland is
homogenous rock namely limestone or sandstone. I.S. EN ISO 13370 states if the soil type is
known, values for the actual location, averaged over a depth equal to the width of the
building and allowing for the normal moisture content should be adopted in the calculation
of ground floor U-values. Hard-core under slab is ignored. CIBSE Guide A [151] Tables 3.153.17, quote default figures for solid ground floor U-values. It is noted that U-values for ground
floors on homogenous rock are substantially greater than slabs over sand or gravel,
suggesting that the use of default ground floor U-values quoted in the Irish EPC methodology
[33], will underestimate the heat loss through the ground in the majority of locations in
Ireland.
Due to the difficulty of identifying floor insulation retrospectively the majority of floors in the
EPC database are characterised on defaults [30]. There is no better information available on
the floor construction and level of insulation to determine the predominate floor types.
Therefore,
proposed for default floor U-values at this juncture.
However, representative U-values based on the ground characteristics could be used in
future using geo-referencing of dwellings.

15 Except

for partially heated below an exposed/semi-exposed floor type.

4.4 Window Characteristics
As windows are easily identified, there are
. Nevertheless, 1 in 3 (37%)
windows in the EPC database are characterised on default values as described by Table 10. A
similar trend relating to a higher association of default use in respect of post-thermal building
regulation dwellings at 38% compared to 34% in pre-thermal building regulation dwellings
was found [84] while 10% of windows were found to be single glazed. Predominant window
frame material across all age bands is timber (40%) or PVC (50%) with the presence of steel
(1%) and aluminium frames (9%) [147].
Table 10 includes statistically derived U-values for windows by construction period as derived
by Ahern (2019) noting that these U-values are calculated with defaults not removed from
the database. U-values for windows, extracted from the study by Ahern [69] providing likely
U-values for Mode 2 (as built)
-values for
windows are extracted from the Irish EPC methodology [65]. Unlike opaque building fabric
elements (walls, roofs, and floors), windows are independent of construction period and
could easily be retrofitted and it is thus difficult to assign U-values or window types based on
its evolution or typical window type. It is highly likely for a dwelling to have multiple window
upgrades in its lifespan. Therefore, find and replace methodology developed in his paper was
not appropriate for windows.
Table 10 U-values of predominant windows for Irish dwelling by construction period
[65, 96, 119, 151]
2

Statistically derived
likely U-value from
Ahern (2019)
Construction period

Prethermal
reg.

Postthermal
reg.

(W/m 2 K)

Before 1990
1900-1929
1930-1949
1950-1966
1967-1977
1978-1982
1983-1993
1994-1999
2000-2004
2005-2009
2010 onwards

4.71
2.88
3.35
3.25
3.07
2.83
2.86
2.85
2.75
2.74
-

K)

Single with
Single
secondary
Double
Wood
Wood
Wood
/PVC Metal /PVC Metal /PVC Metal

4.80

5.70

3.10

3.70

2.20
2.00

2.70
2.50

2.40

5.0 Discussion and Recommendations
An essential element in effective policy and decision making is accurate information [14],
while knowledge about cost effective energy-saving measures can encourage behaviour that
reduces building energy costs [17, 27]
instruments seeking to boost energy performance of buildings. A central tenet of the EPBD

[155] is to accurately inform: (i) Homeowners, to create a bottom-up consumer-driven
demand market for energy efficient buildings thereby accelerating reduction of energy
consumed by European building stocks, and (ii) policy makers, leading to effective top-down
interventions. Although EPC database are continuously growing and are considered the
most valuable resource on building stocks; this research raises questions regarding the
quality of data. On one hand the database can present a favourable characteristic of the
stock as to qualify for a state refurbishment grant in Ireland an EPC must be completed - the
and, on the other it presents an overly pessimistic characterisation due to the proliferation
of pessimistic default U-values.
5.1 Data Quality
It is apparent that assessors are selecting default-values in preference to calculating actual
U-values leading to the ubiquitous presence of unrealistic default U-values within the EPC
database and a consequential thermal energy performance gap between theoretical rated
energy consumption and actual or likely energy consumption. Over selection of default Uvalues by the Assessor is attributed inter alia to a lack of information pertaining to the
predominant construction characteristics of the Irish housing stock as well as accessible
information facilitating U-value calculations. This research seeks to mitigate
characteristics in Ireland and hence making transparent the calculation of likely U-values
associated.
Review of the EPC database further revealed high level of erroneous data associated with
wall descriptions infers that assessor have a low level of social responsibility as to the walltype selected when carrying out an assessment and it is concluded that the EPC database for
post-thermal building regulation dwellings fails to describe the thermal characteristics of the
dwelling stock accurately. Anecdotally, assessors report a fear of not using defaults as it is
likely to trigger an audit16. Thus, to control the excessive default use and to propel assessors
to seek-out information to provide an accurate energy rating, it is recommended that:
National EPC authorities undertake a campaign to promote the use of defaults as a
last resort, promoting the calculation of U-values from first principals and hence
audit overuse of defaults by assessors and it is intended that this work will provide
transparency to the U-value calculations associated with common and predominant
constructions in Ireland.
The
responsible national authority to EPC assessors.
It is further recommended that a data entry audit system be introduced to identify
and audit erroneous data entry, mitigating erroneous entries.

16

Based on discussion with EPC assessment training instructor and practicing assessors.

5.2 Data Processing Recommendations
Energy analyses of whole dwelling stocks combine a stock model and an energy model. The
stock model describes the stock size, composition, and renovation status, whereas the
energy model describes the average energy intensities of the various segments of the stock
and assumed energy savings obtained when dwellings are renovated. Valid outcomes from
a stock energy consumption model relies on the validity of stock model used to inform the
energy consumption model. As one third of dwellings within the EPC dataset are
characterised on pessimistic defaults, if these defaults references were simply removed, the
database would be skewed in favour of refurbished rather than as-built dwellings . Hence, to
achieve more robust outcomes from the model it is deemed preferable to find and replace
broadly known & unknown U-values in the dataset with the more representative U-values
established in this review. The results of this intervention will be compared with the results
of the EPC dataset in its original form in future work, facilitating future work, dwelling
envelope characteristics have been kept consistent with that of the EPC database.
The findings on walls presented in this paper acknowledges the diversity of wall types within
the Irish dwelling stock and their associated U-values, which, based on arbitrary
assumptions, is oversimplified in the Irish EPC methodology. Similar diversity in other fabric
elements is likely to be present with the benefit of future studies.
Floor U-values in the Irish EPC methodology are calculated according to I.S. EN ISO 13370
that
g 2.0
W/mK. This value appears to have been adopted as the standard in the Irish EPC
methodology [33], however as shown in Figure 8, the predominant soil type in Ireland is
homogenous rock namely limestone or sandstone. I.S. EN ISO 13370 states if the soil type is
known, values for the actual location, averaged over a depth equal to the width of the
building and allowing for the normal moisture content should be adopted in the calculation
of ground floor U-values. Hard-core under slab is ignored. CIBSE Guide A [151] Tables 3.153.17, quote default figures for solid ground floor U-values. It is noted that U-values for ground
floors on homogenous rock are substantially greater than slabs over sand or gravel,
suggesting that the use of default ground floor U-values quoted in the Irish EPC methodology
[33], will underestimate the heat loss through the ground in the majority of locations in
Ireland. It is thus recommended that U-values in the Irish EPC methodology be adjusted in
line with predominant ground type; this could be facilitated through a correlation with a
small area/GIS identifier to improve the accuracy of floor U-value calculations.
In respect of window U-values, in general practice assessors prefer to use the simplified
defaults for windows (refer Table 10). Anecdotal reference17 suggest that there might be two
reasons behind this approach: (i) It is almost impossible to find documentary evidence for
existing dwelling to calculate actual U-value, and (ii) fear of audit, if claimed values are not
supported with acceptable evidence. There is a need to develop a methodology which could
factor in the unavailability of evidence and provide other means to gather details on windows
and help in calculating its likely realistic U-values, without fear of audit.

17 Based

on discussion with EPC assessment training instructor and practicing assessors.

6.0 Limitations of this work
The characterisation of predominant characteristics of the stock was troublesome as unlike
the UK [95, 156, 157], there is a dearth of literature on the evolution of Irish construction
characteristics, particularly for roofs, floors,
[97] point out poor
documentation and short sightedness as major reasons of unavailability of information on
building construction details, they also discuss a need for cataloguing the evolution in
chronological order to facilitate research. Balaras et al. (2007) suggest that the year of
construction could provide insight into type of construction and its evolution in accordance
with building standards [158]. Due to lack of available quality literature [97, 99] on the
evolution of Irish construction methods and material, the available literature on the evolution
[101, 118] was used to bridge knowledge gap.

7.0 Future work
U-values used in EPC
production will be replaced with U-values associated with predominant wall constructions in
Ireland creating a modified EPC database more representative of the dwelling stock. A
sensitivity analysis of the overall effect of find and replace exercise is needed. To facilitate
this, open-source automated computer scripts will be written to facilitate find and replace
functions, making the data processing methodology reproducible and useful for researchers
and indeed other stakeholders using the Irish EPC dataset.
To further improve the representativeness of the U-values established in this work it is
desirable to factor in hygro-thermal properties of the fabric and it is recommended that
further research (ideally in-situ measurements) be carried out, particularly for historical and
typically more porous buildings.

8.0 Conclusion
EPC databases are used to provide insights pertaining to building stocks [46, 119, 159-168].
During an EPC assessment, where accurate building data acquisition would be excessively
invasive or costly, nationally specified default values are used. Default values are necessarily
pessimistic and thus pessimistic default references are thus a feature of EPC datasets.
Notwithstanding the necessity of default use in EPC methodologies, excessive thermal
default use is a matter of concern, and it is found in this and other research to be a major
contributor to the thermal energy performance gap.
This research reviews the literature to characterise predominant construction characteristics
in Ireland and hence calculates associated U-values finding default assumptions for prethermal building regulation dwellings (pre-1977) to be wholly incorrect, while default Uvalues for post-thermal building regulation dwellings to be misrepresentative.
This study reviews default EPC landscape in Europe finding that despite Ireland having the
third highest number of defaults available for selection by the Assessor in Europe and
therefore opportunity to represent the heterogeneity of the stock, 1 in 3 dwellings within the
Irish EPC database are characterised on misrepresentative defaults leading to the EPC

dataset lacking validity. Further it was found that two thirds of wall descriptions for postthermal building regulation dwellings were erroneous.
Energy analyses of whole dwelling stocks combine a stock model and an energy model. The
stock model describes the stock size, composition, and renovation status, whereas the
energy model describes the average energy intensities of the various segments of the stock
and assumed energy savings obtained when dwellings are renovated. Despite issues with
data quality the EPC dataset is the foremost source of information on the stock, thus, to
make the dataset more representative, a data processing step, replacing pessimistic default
U-values with U-values associated with predominant wall constructions is recommended. To
facilitate this data processing step, this work reviews the literature to characterise
predominant building envelope constructions in Ireland, recommending a find and replace
function for walls and roofs. This find and replace function will reduce the thermal energy
performance gap between theoretical rated energy consumption and actual or likely energy
consumption arising from the selection of unrealistic default values for parameters thereby
making the EPC dataset more representative. Due to a dearth of literature, it was only
possible to confidently recommend a find and replace function for walls and to some extend
roofs but not for floors, doors, and windows. It is thus recommended that Ireland, in line with
UK practices, carry out a national building survey periodically.
The frequency of default U-value selection across construction periods, and independence
of default U-value selection to building element type found, implies that building assessors
are often selecting pessimistic default U-values by construction period, in preference to
calculating actual elemental U-values. Contrary to the literature, a relatively higher level of
default use in post-thermal building regulation dwellings and in newer dwellings was found.
This phenomenon is attributed to the original information associated with the dwelling
having been lost on resale. It is thus recommended that information associated with a
dwelling should ideally be associated with a consistent identifier such as the dwellings meter
number or some other metric that does not change, e.g. logbook method used by Portugal
[169]. Over selection of default U-values by the Assessor is attributed inter alia to a lack of
information pertaining to the predominant construction characteristics of the Irish housing
stock as well as accessible information facilitating U-value calculations. This work thus seeks
to mitigate
through making transparent calculation of likely U-values
associated with predominant dwelling envelope constructions in Ireland.
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